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Abstract 
 
Successful emotion recognition is necessary for healthy relationships. Parkinson’s disease 
(PD) can be associated with deficits in emotion recognition through both auditory and 
visual modalities.  Because past research has also documented that gender plays a role in 
emotion recognition, PD could differentially affect men and women.  This study 
examined the abilities of men and women with PD to recognize specific emotions 
through emotional facial expressions and emotional prosody compared to healthy 
controls.  This study included 28 PD patients (14 men, 14 women) and 40 (20 men, 20 
women) age-matched healthy control participants.  The PD group displayed deficits on 
both the emotional facial expression recognition task and the emotional prosody 
recognition task.  In addition, women outperformed men on both tasks.  Diagnosis 
interacted with gender to affect prosody recognition, and to a lesser extent facial 
expression recognition.  Specifically, men with PD showed much stronger impairments in 
their ability to recognize angry, fearful, and surprised tones of voice than women with PD 
and struggled to recognize disgusted facial expressions.  These results may be used to 
create specialized interventions for PD patients to help them maintain healthy, social 
interactions. 
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Relative Preservation of Emotion Recognition Abilities in Women Compared to 
Men with Parkinson’s Disease 
As early as the 19th century, scientists acknowledged the important role emotion 
identification plays in interpersonal relationships and social cognition (Darwin, 1872). 
The ability to detect the emotions of others is crucial for maintaining healthy, social 
relationships.  Although emotion recognition can be vulnerable to a number of factors, 
one neurological condition that may impact this skill is progressive neurodegeneration 
associated with a variety of diseases. Parkinson’s disease (PD) is an age-related 
neurodegenerative disorder that primarily affects the dopaminergic neurons of the 
substantia nigra. These project to the basal ganglia, which are responsible for the control 
of movement (Freberg, 2006). PD characteristically causes significant decreases in motor 
movements, along with a resting tremor, mental slowing, memory problems, and 
attention difficulties (Whitehouse, Lerner & Hedera, 1993). However, another area of 
difficulty for patients with PD may be social cognition. There is documented evidence 
that PD can result in impairments in emotion recognition (Ariatti, Benuzzi & Nichelli, 
2008; Baggio et al., 2012; Clark, Neargarder & Cronin-Golomb, 2008;). As such, strained 
relationships between PD patients and their caregivers are not uncommon and generally 
involve a great deal of frustration and a lack of understanding on both sides (Aarsland, 
Larsen, Karlsen, Lim & Tanberg, 1999). Thus, gaining a better understanding of 
emotional deficits in this disorder could lead to interventions that improve patients’ 
interpersonal interactions and quality of life.  
Over a dozen studies have looked at the ability of PD patients to recognize 
emotion based on facial expressions with varying results (Adolphs, Schul & Tranel, 
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1998; Alburquerque et al., 2015; Ariatti et al., 2008; Baggio et al. 2012; Beatty et al., 
1989; Buxton, MacDonald, & Tippett, 2013; Clark et al., 2008; Herrera, Cuetos, & 
Rodrígeuz-Ferreiro, 2011; Jacobs, Shuren, Bowers & Heilman, 1995; Kan, Kawamura, 
Yukihiro, Mochizuki & Nakamura, 2002; Lawrence, Goerendt & Brooks, 2007; Narme et 
al., 2013; Pell & Leonard, 2005; Saenz et al., 2012; Sprengelmeyer et al., 2003; Suzuki, 
Hoshino, Shigemasu, & Kawamura, 2006; Yip, Lee, Shu-Leong, Tsang, & Li, 2003).  
Four studies found that PD patients’ ability to recognize emotion through facial 
expressions is preserved relative to their healthy peers (Adolphs et al., 1998; 
Alburquerque et al., 2015; Pell & Leonard 2005; Jacobs et al., 1995).  Two articles 
documented overall deficits in PD patients’ ability to recognize emotion conveyed by 
facial expressions but didn’t examine specific individual emotions (Beatty et al. 1989; 
Herrera et al., 2011).  Finally, eleven studies documented emotion-specific deficits in 
facial expression recognition in PD.  Table 1 summarizes the results of these studies.  
Thus, most, but not all, research supports the presence of deficits in facial expression 
recognition in PD. 
Fewer studies have examined the ability of PD patients to recognize emotions 
based on tone of voice, or prosody.  Emotional prosody recognition has been investigated 
with procedures such as playing semantically neutral sentences like “Good Morning” or 
nonsensical sentences on an audiotape, while participants attempt to identify the emotion 
conveyed through the tone of voice of the recording (Kan et al., 2002). Across eight such 
studies, six documented global deficits in PD patients’ ability to identify emotions 
through prosody but failed to find specific impairments in the recognition of particular 
emotions (Albuquerque et al., 2015; Breitenstein, Van Lancker, Daum & Waters, 1998; 
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Buxton et al., 2013; Dara, Monetta, & Pell; 2007; Pell & Leonard, 2003; Yip et al., 
2003;).  In contrast, the results of two studies suggested that PD patients are similar to 
healthy controls in their recognition of emotional prosody (Kan et al., 2002; Velez-felijo, 
Rieder, & Chaves, 2008).  Thus, similar to emotion recognition through facial 
expressions, the limited literature on PD patients’ ability to recognize emotion through 
prosody has yielded mixed results.  Although several studies have documented that PD 
patients have difficulty recognizing emotions through prosody, no studies have found 
emotion-specific impairments like those that have emerged for the recognition of sadness, 
anger, disgust, and fear through facial expressions. 
Parkinson’s disease affects men and women differentially, and we, therefore, 
wanted to examine potential gender differences in the emotion recognition abilities of PD 
patients.  There is documented evidence that men with PD have increased severity or 
symptoms, more symptom symmetricality, and more cognitive impairments than women, 
whereas women have a later onset, are more likely to present with a tremor as the initial 
symptom, and often have more postural problems than men (Heller, Dogan, Schultz & 
Reetz, 2013; Solla et al., 2012; Szewczyk-Krolikowsket al., 2014).  Although some 
studies have found that women have a more benign phenotype, women may be more 
likely to exhibit non-motor symptoms, like depression and anxiety (Heller et al., 2013).  
In terms of the impact of PD on patients’ social interactions, men with PD tend to 
experience a reluctance to attend outside functions and difficulty maintaining their social 
relationships outside of their family, whereas PD primarily affects women’s private, 
intimate relationships that occur inside, rather than outside, the home (Solimeo, 2008).  
To date, no one has designed a study with an explicit goal of directly comparing the 
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emotion recognition abilities of men and women with PD to determine whether PD has a 
differential effect on this important social skill for women versus men.  A lush literature 
regarding gender differences in the emotional recognition of facial expressions in the 
general population raises the possibility that PD may affect men and women differently.  
In a recent review article (Forni-Santos & Osório, 2015), 16 of the 26 included studies 
found that women outperformed men in tasks that assessed accurate recognition of 
emotional facial expressions.  For prosody, a dated review by Hall (1978) reported that 
only 5 of 13 identified studies documented a female advantage in recognition of 
emotional prosody.  Additionally, more recent studies have not found gender differences 
in prosody recognition in healthy adults (Paulmann, Pell & Kotz, 2008; Ross & Monnet 
2011), suggesting prosody recognition may not be as susceptible to gender effects as the 
recognition of emotion through facial expressions is in the general population.  
Because few studies to date have assessed PD patients’ ability to recognize 
specific emotions through two different modalities (both facial expressions and prosody), 
the first objective of this study was to compare the emotional facial expression 
recognition and emotional prosody recognition abilities of men and women with 
Parkinson’s disease to those of healthy, older adults to document both the magnitude and 
emotional specificity of any impairments.  We hypothesized that healthy controls would 
outperform Parkinson’s disease patients in their recognition of emotion conveyed both 
visually through facial expressions and aurally through prosody.  We also hypothesized 
that PD patients would be relatively more impaired in their recognition of some emotions 
(i.e. fear, sadness, disgust, anger) than others (i.e. happiness, surprise) on tasks of facial 
expressions, but would not demonstrate emotion-specific deficits on tasks of prosody 
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recognition. Additionally, we designed this study to examine potential gender differences 
in the emotion recognition abilities of PD patients.  Given men’s less-established 
emotional recognition abilities in the general population, particularly for emotions 
conveyed through facial expressions, we predicted that men with PD would be more 
vulnerable to emotion recognition deficits than women with PD, and that this 
vulnerability might be more apparent for facial expressions than for prosody. 
Pilot Study Method 
Before conducting our primary study, we needed to select stimuli for our outcome 
measures, so we conducted a pilot study to aid with development of our emotional facial 
recognition and emotional prosody recognition tasks. 
Pilot Study Participants 
19 students and faculty on Butler University’s campus who were involved with an 
on-campus summer research program participated in the pilot study. The average age of 
the participants was 25.5 years (SD=11.6), and the sample was gender balanced with nine 
females and ten males. 
Pilot Study Procedure 
Participants were tested in a single group. After giving informed consent, 
participants completed the Pilot Study Emotional Facial Expression Task followed by the 
Pilot Study Emotional Prosody Recognition Task. Due to time constraints, three 
participants had to leave before completing the prosody pilot task, so 19 participants 
completed the emotional facial expression portion of the pilot study, and 16 participants 
completed the emotional prosody portion of the pilot study.  After completing the two 
pilot study tasks, participants provided basic demographic information about themselves 
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on a brief questionnaire.  Due to early departures, full demographic information (age) 
was available for only 16 of the 19 participants. 
Pilot Study Materials 
Pilot Study Emotional Facial Expression Task. For the emotional facial 
expression task, we selected 16 individuals from the Radboud Faces Database (Langner 
et al., 2010) that displayed facial expressions of all six of the primary emotions (i.e., 
happiness, sadness, anger, disgust, fear, surprise). Participants viewed these 96 photos 
presented in a randomized, but fixed order. (See Appendix A for an example photo for 
each emotion.) As they viewed each photo, they indicated the emotion they believed the 
photo depicted by circling the corresponding word on an answer sheet that contained all 
six emotions as response options. 
 Pilot Study Emotional Prosody Task.  In the emotional prosody task, participants 
heard 16 semantically neutral sentences translated to English from Portuguese (Castro 
and Lima 2010). (See Appendix B for wording of each of these sentences.)  The content 
of each sentence was heard six times, each time spoken in a tone of voice matching a 
different one of the six primary emotions.  As participants heard each sentence, they 
indicated which emotion the tone of voice conveyed by circling the corresponding word 
on the answer sheet that contained all six emotions as response options. 
We used the data from this pilot study to select the stimuli that comprised the two 
outcome measures of the primary study. (See upcoming Materials section for details.) 
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Primary Study Method 
Participants 
28 individuals with PD (14 men, 14 women) and 40 healthy control (HC) 
participants (20 men, 20 women) comprised the sample of the primary study. All four 
diagnosis by gender groups were statistically equivalent in age (all ps >.05), but men in 
the sample had completed more years of formal education than the women, F=10.73, 
p=.002, ηp2=.144.  Although the patients with PD performed significantly worse than HC 
participants on the MMSE (F=7.24, p=.009, ηp2=.10), none of the participants exhibited 
more than mild dementia (all MMSE scores ≥ 21). Demographic data are summarized in 
Table 2. 
Procedure 
Each participant completed a single testing session that lasted approximately 30-
45 minutes either individually or in the presence of one other participant. Each testing 
session began with the demographic questionnaire.  Participants then completed the 
Facial Expression Emotion Recognition Task and the Prosody Emotion Recognition Task 
followed by the Mini-Mental State Examination (MMSE) to quantify the presence and 
severity of their dementia. 
Materials 
Demographic Questionnaire. Participants provided basic demographic 
information including their age, gender, ethnicity, and years of formal education.  
Participants with PD also provided the year when they were diagnosed and a list of 
medications they were taking at the time of testing. 
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Mini Mental State Examination (MMSE) (MMSE: Folstein, Folstein & McHugh, 
1975). The MMSE is a screening measure for dementia and general cognitive abilities 
including orientation, memory, attention and the ability to follow written and verbal 
instructions. 
Facial Expression Emotion Recognition Task (FEERT). Based on the results of 
the pilot study, we selected 8 photos depicting each of the six primary emotions to 
comprise the Facial Expression Emotion Recognition Task. (See Appendix A.)  Thus, 
this task consisted of 48 photos of faces presented in a randomized, but fixed order. We 
selected the photos such that no given individual was represented more than four times 
and so that all 16 individuals that were shown in the pilot study photos (8 males, 8 
females) were included in the final task. We also selected the photos to balance the 
recognizability of each of the six different emotions as shown in Table 3.  On average, 
young adult participants in the pilot study correctly identified the emotion of the 48 facial 
expressions 95% of the time. 
Prosody Emotion Recognition Task (PERT). Also based on the results of the pilot 
study, we selected five sentences, spoken in a tone of voice that expressed each of the six 
primary emotions for a total of 30 auditory stimuli included in the Prosody Emotion 
Recognition Task.  No sentence was presented more than three times amongst the 30, and 
the content of all of the sentences from the pilot study were included in the final task. 
(See Appendix B.)  Again, we selected the sentences to balance their recognizability 
across the six different emotions as shown in Table 3.  Prosody was more difficult for 
participants in the pilot study to recognize than facial expressions.  Thus, the correct 
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emotion was identified by 86% of the young adult pilot study participants across the 30 
sentences included in the Prosody Emotion Recognition Task. 
Results 
We ran separate 2 (diagnosis: PD vs. HC) x 2 (gender: men vs. women) ANOVAs 
for overall total correct on the facial expression and prosody emotion recognition tasks. 
(See Figure 1.) For the FEERT, there was a significant main effect of diagnosis 
(F(1,67)=7.10, p=.01, ηp2=.10), with healthy controls outperforming PD patients.  There 
was also a significant main effect of gender (F(1,67)=6.66, p=.01, ηp2=.09), with women 
outperforming men. No significant interaction between diagnosis and gender emerged in 
this analysis (F(1,67)=.2.96, p=.09, ηp2=.044), although this effect neared statistical 
significance.  To further explore this near significant effect, we ran separate one-way 
ANOVAs comparing the performance of men with PD to that of men HC and scores of 
women with PD to those of women HC on the FEERT.  We corrected the Type 1 error 
rate for multiple comparisons (Bonferroni-adjusted p=.05/2=.025).  Men with PD were 
significantly impaired in their facial expression recognition compared to healthy men, 
F(1,32)=6.02, p=.02, ηp2=.16.  In contrast, women with Parkinson’s disease performed 
similarly to their gender-matched healthy control group, F(1,32)=0.60, p=.44, ηp2=.02. 
To determine which emotions were differentially affected by Parkinson’s disease 
and by gender, we ran a follow-up MANOVA for the FEERT with scores for each 
emotion included as dependent variables. (See Table 4.)  Healthy controls significantly 
outperformed PD patients in their recognition of sad (F(1,64)=13.32, p=.001, ηp2=.172) 
and disgusted (F(1,64)= 4.34, p=.04, ηp2=.063) facial expressions.  There was no 
significant difference between PD patients and healthy controls in their ability to 
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recognize happy, angry, fearful, or surprised facial expressions (all ps >.05).  The 
MANOVA also revealed that women were better at recognizing disgusted facial 
expressions than men (F(1,64)=21.66, p<.001, ηp2=.25), but men and women were 
similar in their ability to recognize happy, sad, angry, fearful, and surprised facial 
expressions (all ps >.05).  The only emotion-specific interaction effect to near 
significance was disgust (F(1,64)=3.79, p=.056), as men with PD demonstrated 
impairments in recognizing disgusted facial expressions relative to their HCs 
(F(1,32)=5.03, p=.03, ηp2=.14) whereas women with PD did not, F(1,32)=0.02, p=.88, 
ηp2=.001). 
In the primary ANOVA focused on the PERT, there were significant main effects 
of diagnosis (F(1,66)=17.95, p<.001, ηp2=.22) and gender, F(1,66)=10.12, p=.002, 
ηp2=.14. There was also a significant diagnosis by gender interaction effect, 
F(1,66)=6.27, p=.015, ηp2=.09.  A simple main effect follow-up analysis, with the Type 1 
error rate corrected for multiple comparisons (Bonferroni-adjusted p=.05/2=.025), 
examined the effect of diagnosis on prosody recognition separately for men and women.  
Men with PD were significantly impaired in their prosody recognition compared to 
healthy men, F(1,32)=25.20, p<.001, ηp2=.44.  In contrast, women with Parkinson’s 
disease demonstrated preserved prosody recognition relative to their gender-matched 
healthy control group, F(1,31)=1.36, p=.25, ηp2=.04. 
Similar to facial expressions, we ran a follow-up MANOVA for scores on the 
PERT to determine which of the six emotions were differentially affected by PD and 
gender, as well as by the interaction of these two factors.  PD patients displayed 
significant deficits in their recognition of sad (F(1,63)=16.80, p<.001, ηp2=.21), angry 
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(F(1,63)=9.64, p=.003, ηp2=0.13), disgusted (F(1,63)=7.25, p=.009, ηp2=.10) and 
surprised (F(1,63)=13.6, p<.001, ηp2=0.18) tones of voice, but did not show deficits in 
recognizing happy or fearful prosody (all ps >.05).  Additionally, women outperformed 
men in their recognition of sad (F(1,63)=7.36, p=.009, ηp2=0.11) and disgusted 
(F(1,63)=12.82, p=.001, ηp2=0.17) tones of voice. However, there were no gender 
differences in the recognition of happy, angry, fearful, or surprised tones of voice (all ps 
>.05).   
When further examining the interaction effect, there was a significant diagnosis 
by gender interaction for angry (F(1,63)=4.34, p=.04, ηp2=.06), fearful (F(1,63)=7.07, 
p=.01, ηp2=0.1) and surprised (F(1,63)=4.12, p=.047, ηp2=.06) tones of voice, but this was 
not the case for happy, sad, and disgusted tones (all ps >.05). Follow-up simple main 
effect analyses focused on these emotion-specific interaction effects (Bonferroni-adjusted 
p=.05/6=.0083) indicated that they each paralleled those of the overall prosody emotion 
recognition effect.  That is, men with PD were impaired relative to male HC in their 
ability to recognize anger, fear, and surprise (all ps <.008), whereas women with PD 
showed a preserved ability to recognize these emotions through prosody relative to 
healthy women.  
Discussion 
The primary goal of this study was to compare the emotion recognition abilities of 
men and women with Parkinson’s disease to those of healthy, older adults through both 
visual and auditory modalities.  We hypothesized that healthy controls would outperform 
Parkinson’s disease patients in their recognition of emotion conveyed through both facial 
expressions and tones of voice.  Our results supported this first hypothesis that emotion 
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recognition is generally impaired in PD patients.  Healthy controls outperformed PD 
patients in their recognition of both emotional facial expressions and emotional prosody. 
Our second hypothesis was that PD patients would be relatively more impaired in 
their recognition of some emotions (i.e. sadness, anger, disgust, fear) than others (i.e. 
happiness, surprise), but only when recognizing emotions through facial expressions.  In 
partial support of that hypothesis, PD patients were impaired at recognizing sad and 
disgusted facial expressions.  Our results matched those of previous studies that also 
found that recognition of these particular emotional facial expressions are affected in PD 
(Ariatti et al., 2008; Baggio et al., 2012; Buxton et al., 2013; Kan et al., 2002; Narme et 
al., 2013; Saenz et al., 2012; Sprengelmeyer et al., 2003; Suzuki et al., 2006; Yip et al., 
2003).  However, we did not find deficits in PD patients’ ability to recognize angry or 
fearful facial expressions as we had expected.  This is inconsistent with previous 
literature, which has provided ample evidence for the presence of deficits in PD patients’ 
ability to recognize both of these emotions through facial expressions, especially fear 
(Ariatti et al., 2008; Baggio et al., 2012; Clark et al., 2008; Kan et al., 2002; Lawrence et 
al., 2007; Narme et al., 2013; Saenz et al., 2012; Sprengelmeyer et al., 2003; Yip et al., 
2003). 
Contrary to our hypothesis, PD patients also demonstrated emotion-specific 
deficits on the emotional prosody recognition task.  PD patients were more impaired in 
their recognition of sad, angry, and disgusted tones of voice than of other emotions 
conveyed through prosody relative to healthy controls.  Although this represents an 
unanticipated finding, interestingly, these emotions are the same ones that are commonly 
found to be impaired in the facial expression recognition abilities of PD patients (Ariatti 
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et al., 2008; Baggio et al., 2012; Buxton et al., 2013; Clark et al., 2008; Kan et al., 2002; 
Lawrence et al., 2007; Narme et al., 2013; Saenz et al., 2012; Sprengelmeyer et al., 2003; 
Suzuki et al., 2006; Yip et al., 2003).  Therefore, it is possible that one common 
mechanism underlies general deficits in the recognition of particular emotions through 
both visual and auditory modalities.  However, the PD patients in our study also struggled 
to recognize surprise through prosody, which is inconsistent with most studies of 
emotional facial expression recognition.  This could be due to the fact that the surprised 
tones of voice were the most easily recognizable by healthy controls in our study, making 
them more sensitive to differences between the groups.  Also unexpectedly, patients with 
PD were not impaired in their ability to recognize fear through prosody.  Given that fear 
is the most documented deficit in facial expression recognition, we would have expected 
it to also be vulnerable to any emotion-specific deficits in prosody recognition.  
This study additionally investigated gender differences in the emotion recognition 
abilities of PD patients.  We hypothesized that men with PD would be more susceptible 
to deficits in emotion recognition that women with PD.  In support of our hypothesis, 
gender played a role in the PD-related recognition deficits of emotional facial expressions 
and emotional prosody. Although only a trend for facial expression recognition, for both 
types of tasks, women with PD did not differ in their overall ability to recognize emotion 
compared to women HC, whereas men with PD performed significantly worse than their 
gender-matched peers.  Men with PD particularly struggled in their ability to recognize 
disgusted facial expressions and angry, fearful, and surprised tones of voice.  As 
mentioned above, although these emotions have not been differentially impaired in past 
research that focused on prosody recognition, both anger and fear are emotions that are 
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sensitive to the facial expression recognition deficits associated with PD (Ariatti et al., 
2008; Baggio et al., 2012; Clark et al., 2008; Kan et al., 2002; Lawrence et al., 2007; 
Narme et al., 2013; Saenz et al., 2012; Sprengelmeyer et al., 2003; Yip et al., 2003). Our 
finding that surprised tones of voice were also difficult for our men with PD to identify 
was more unexpected, as very few studies have found surprised to be particularly 
sensitive to the neurodegeneration associated with PD, regardless of the modality through 
which the emotion is expressed (Adolphs et al.,1998; Alburquerque et al., 2015; Ariatti et 
al., 2008; Baggio et al. 2012; Beatty et al., 1989; Buxton et al., 2013; Herrera et al., 2011; 
Jacobs et al., 1995; Kan et al., 2002; Lawrence et al., 2007; Narme et al., 2013; Pell & 
Leonard, 2005; Saenz et al., 2012; Sprengelmeyer et al., 2003; Suzuki et al., 2006). 
The inclusion of gender as a primary factor in our study may help explain why 
our results point to emotion-specific deficits in PD patients’ prosody recognition when 
that has not been the typical finding of past research studies (Albuquerque et al., 2015; 
Breitenstein et al., 1998; Buxton et al., 2013; Dara et al., 2007; Pell & Leonard, 2003; 
Yip et al., 2003). Because men with PD were particularly vulnerable to prosodic emotion 
recognition impairments and women with PD were not, examining the two groups 
separately may have allowed us to detect emotion-specific impairments that would have 
averaged out otherwise. 
 While interpreting this data, some limitations should be acknowledged.  First, the 
two emotion recognition tasks were not equal in difficulty.  Based on the pilot study data, 
the emotions portrayed through facial expressions were more recognizable than the 
emotions portrayed through the prosodic sentences.  Although we balanced the difficulty 
across emotions within each task, we were not able to match the recognizability across 
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the two presentation modalities.  This could be why the interaction effect reached 
significance for prosody, but only trended towards significance for facial expressions.  
The more difficult prosody recognition might have been more sensitive to diagnosis and 
gender differences.  Using more difficult facial expression recognition in the future could 
enhance our ability to detect potential interaction effects that exist in this important social 
skill for patients with PD.  The relatively easy facial expression task may have also 
limited the number of emotions that demonstrated gender differences.  Hoffmann, 
Kessler, Eppel, Rukavina, & Traue (2010) found that women only outperform men on 
tasks where emotional expression is subtle and, therefore, less easily recognizable. 
Our sample size was modest, and we might have been able to detect more effects 
with a larger sample.  In addition, some of the PD patients in our study may have been in 
the early stages of developing dementia with MMSE scores in the low 20s for some of 
our participants.  Thus, it is difficult to determine whether changes in emotion 
recognition are independent of or related to other cognitive decline that can be associated 
with the disease.  Future studies directly focused on the relationship between dementia 
and emotion recognition could help address this issue.   
By examining both effects of PD and gender, as well as their interaction for 
emotion recognition, we were able to document impairments in PD patients that past 
studies have not.  This is highly relevant because of its implications for future treatments 
and social interventions.  Using this knowledge, we could design interventions to teach 
family members/caregivers to over exaggerate their expressions, both on their face and in 
their tone of voice, or to express their emotions verbally, using words to describe how 
they are feeling (e.g. “I’m feeling angry because…”).  This would ensure that PD patients 
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are able to know how their loved ones are feeling and might help avoid unnecessary 
conflict due to misunderstanding.  These interventions could even be created to target the 
specific problems men and women with PD face.  For example, they could be designed to 
help men maintain their social relationships outside the home, and help women preserve 
strong relationships within the home (Solimeo, 2008).  
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Appendix A 
Sample Photos from the Facial Expression Emotion Recognition Task 
 
             
       Happy           Sad       Angry 
         
     Disgusted        Fearful     Surprised 
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Appendix B 
 
Sentences Comprising the Prosody Emotion Recognition Task 
1.! This table is made of wood. 
2.! The radio is switched on. 
3.! That book is of history 
4.! The earth is a planet. 
5.! The dog brought the ball. 
6.! He arrives tomorrow. 
7.! These clothes are colorful. 
8.! The gardens have flowers. 
9.! People go to concerts. 
10.!There are trees in the forest. 
11.!Tigers are wild animals. 
12.!The painting is on the wall. 
13.!Someone closed the windows. 
14.!Young people listen to music. 
15.!Football is a sport. 
16.!She traveled by train. 
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Table 1 
Emotion-Specific Deficits in the Emotional Facial Expression Recognition Abilities of 
Patients with Parkinson’s Disease As Documented in the Past Literature*  
 
 Happiness Sadness Anger Disgust Fear Surprise 
Ariatti et al., 2008  !   !  
Baggio et al., 2012  ! ! ! !  
Buxton, MacDonald, & 
Tippett, 2013 ! !  !   
Clark et al., 2008   !  ! ! 
Kan, Kawamura, 
Yukikihiro, Mochizuki & 
Nakamura, 2002 
   ! !  
Lawrence, Goerendt, & 
Brooks, 2007   !    
Narme et al., 2013  !   !  
Saenz et al., 2012  !   !  
Sprengelmeyer et al., 2003   ! !   
Suzuki, Hoshino, 
Shigemasu  Kawamura, 
2006 
   !   
Yip, Lee, Shu-Leong, 
Tsang, & Li, 2003 ! ! ! ! ! ! 
 
*Emotions indicated with a check mark were impaired 
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Table 2 
Demographic Characteristics of the Patients with PD and Healthy Control Participants 
 Parkinson’s Disease 
(n=28) 
Healthy Controls 
(n=40) 
 
Men  
(n=14) 
Women  
(n=14) 
Men  
(n=20) 
Women  
(n=20) 
Age 74.14 (5.86) 69.64 (7.46) 68.3 (7.04) 69.95 (6.68) 
Years of Education 16.50 (3.18) 14.57 (4.54) 18.85 (2.89) 15.35 (2.96) 
Ethnicity (% White) 93% 93% 100% 100% 
MMSE 26.79 (2.61) 28.64 (2.68) 28.95 (1.43) 29.20 (1.61) 
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Table 3  
Means and Ranges of Accuracy Scores for Pilot Study 
Emotion Facial Expression Prosody 
 
Mean 
Recognizability 
in Pilot Study 
Range of 
Recognizability 
in Pilot Study 
Mean 
Recognizability 
in Pilot Study 
Range of 
Recognizability 
in Pilot Study 
Happiness 98 95-100 83 67-94 
Sadness 94 74-100 85 75-88 
Anger 94 74-100 85 75-93 
Disgust 95 89-100 81 69-94 
Fear 93 74-100 82 69-93 
Surprise 97 89-100 83 69-94 
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Table 4  
Emotion Recognition Abilities of Men and Women With and Without Parkinson’s 
Disease 
 
Parkinson’s Disease Healthy Controls 
 
Men  Women  Men  Women  
 Facial Expression Recognition 
Happiness 6.64 (0.93) 7.00 (0.78) 6.80 (0.95) 6.95 (0.94) 
Sadnessa 5.50 (2.14) 6.29 (1.54) 7.20 (1.47) 7.30 (0.86) 
Anger 4.71 (1.73) 5.86 (1.96) 5.90 (2.02) 6.25 (1.07) 
Disgusta,b 5.29 (1.38) 7.36 (0.84) 6.55 (1.76) 7.40 (0.75) 
Fear 4.21 (2.00) 4.57 (1.99) 5.35 (1.66) 5.15 (1.76) 
Surprise 6.86 (1.66) 7.43 (0.94) 7.45 (0.76) 7.30 (1.26) 
 Prosody Recognition 
Happiness 2.86 (1.46) 3.54 (1.45) 3.50 (1.15) 3.85 (1.23) 
Sadnessa,b 0.86 (0.95) 2.15 (1.57) 2.60 (1.54) 3.05 (1.54) 
Angera,c 0.50 (0.65) 1.39 (1.12) 2.10 (1.52) 1.70 (1.30) 
Disgusta,b 0.57 (0.76) 1.92 (1.66) 1.65 (1.14) 2.50 (1.28) 
Fearc 0.64 (0.93) 2.00 (1.29) 1.95 (1.54) 1.50 (1.47) 
Surprisea,c 3.50 (0.85) 4.23 (0.73) 4.60 (0.68) 4.55 (0.83) 
 
 
a 
PD patients were significant impaired relative to healthy controls 
b 
Women outperformed men 
c Men with PD performed significantly worse than healthy men, women groups did not 
differ 
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A) 
B)  
      
Figure 1. Performance of PD patients vs. healthy controls on the Facial Expression 
Emotion Recognition Task (A) and the Prosody Emotion Recognition Task (B). For the 
Facial Expression Emotion Recognition Task, PD patients performed less well overall 
and women outperformed men.  For the Prosody Emotion Recognition Task, men with 
PD were relatively more impaired than women with PD. 
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